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NASA counter-part of peer-reviewed formal 
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• TECHNICAL MEMORANDUM.  
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annotation. Does not contain extensive analysis. 
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technical findings by NASA-sponsored 
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• CONFERENCE PUBLICATION.  
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co-sponsored by NASA. 
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• TECHNICAL TRANSLATION.  
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scientific and technical material pertinent to  
NASA’s mission. 
 
Specialized services also include organizing  
and publishing research results, distributing 
specialized research announcements and feeds, 
providing information desk and personal search 
support, and enabling data exchange services. 
 
For more information about the NASA STI program, 
see the following: 
 
• Access the NASA STI program home page at 
http://www.sti.nasa.gov 
 
• E-mail your question to help@sti.nasa.gov 
 
• Phone the NASA STI Information Desk at   
757-864-9658 
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Mail Stop 148 
NASA Langley Research Center 
Hampton, VA 23681-2199 
 National Aeronautics and  
Space Administration 
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ܨ ൌ 	 √ߢݒܾ߱௥ݎ௥  
When solved for flutter velocity, equation (12) becomes 







































































































































































































































































































































































































































































































































































































































%%  This program reproduces figs 5 --> 11 and 15 --> 17 from NACA 496 
%   Figs 12 --> 14 require multiple executions of group number 2 with 
%    appropriately modified input quantities 
% 
%   Implemented using NACA 496 equations and 2DOF solution method 
%    Boyd Perry, III 
%    NASA-Langley Research Center 






%% Define k and kinv 
  
N = 10001; 
oneoverkmax = 100; 
deltaoneoverk = oneoverkmax/(N-1); 
  
for i=1:N 
    kinv(i) = (i-1)*deltaoneoverk; 
    k(i) = 1/kinv(i); 
end 
  
%% Define Quantities 
a = [0 -0.2 -0.4]; 
c = [0 0.5]; 
  
%  For all calculations a = -0.4 and c = 0.5 
  
group = input('Enter group number (1, 2, 3, or 4)  ') 
  
%  Group number may be 1, 2, 3, or 4 
%   Group number 1 is for the Standard Case and reproduces figs 5 --> 10 
%   Group number 2 is for the Standard Case and reproduces fig 11 
%   Group number 3 is for Wing A and reproduces fig 15 
%   Group number 4 is for Wing B and reproduces figs 16 & 17 
  
%  Input quantities for group number 1 
if group == 1 
kappa = 0.1; 
xa = 0.2; 
ra2 = 0.25; 
xb = 1/80;    % Corresponds to curve (a) in figs 7 & 8 
%xb = 1/40;   % Corresponds to curve (b) in figs 7 & 8 
%xb = 1/160;  % Corresponds to curve (c) in figs 7 & 8 





%  Input quantitie for group number 2 
if group == 2 
kappa = 1/400; 
xa = 0.2; 
ra2 = 0.25; 
xb = 1/80; 
rb2 = 1/160; 
end 
  
%  Input quantitie for group number 3 
if group == 3 
kappa = 1/416; 
%xa = 0.31; 
xa = 0.173; 
%xa = 0.038; 
ra2 = 0.33; 
xb = 1/80; 
rb2 = 1/160; 
omegaa = 7*2*pi; 
b = 2.5/12; 
end 
  
%  Input quantitie for group number 4 
if group == 4 
kappa = 1/100; 
xa = 0.192; 
ra2 = 0.178; 
xb = 0.019; 
%xb = 0.01; 
rb2 = 0.0079; 
omegaa = 17.6*2*pi; 
omegah = 5.8*2*pi; 
omegab = 4.4*2*pi; 
b = 2.5/12; 
end 
  
%  Other relationships 
  
ra = sqrt(ra2); 
rb = sqrt(rb2); 
  
%% Define array indices 
% 
%  For Ti constants: 
%  Ti(kk) 
%   kk ~ variation of quantity  c 
% 
%  For R' arrays: 
%  R'(j,kk) 
%   j ~ variation of quantity  a 
%   kk ~ variation of quantity  c 
% 
%  For F and G, real and imag parts of Theodorsen Function: 
%  F(i) and G(i) 
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%   i ~ variation of reduced frequency 
% 
%  For R" and I arrays: 
%  R"(i,j,kk) and I(i,j,kk) 
%   i ~ variation of reduced frequency 
%   j ~ variation of quantity  a 
%   kk ~ variation of quantity  c 
% 
  
%% Define Ti 
for kk=1:2             % loop on quantity c  [0, 0.5] 
    c2(kk) = c(kk)*c(kk); 
    TiTerm1 = 1 + c2(kk); 
    TiTerm2 = 1 - c2(kk); 
    TiTerm3 = sqrt(TiTerm2); 
    TiTerm4 = acos(c(kk)); 
    TiTerm5 = 1/8 + c2(kk); 
    TiTerm6 = 7 + 2*c2(kk); 
    T1(kk) = -(1/3)*TiTerm3*(2+c2(kk)) + c(kk)*TiTerm4; 
    T2(kk) = c(kk)*TiTerm2 - TiTerm3*TiTerm1*TiTerm4 + c(kk)*TiTerm4*TiTerm4; 
    T3(kk) = -TiTerm5*TiTerm4*TiTerm4 + 
(1/4)*c(kk)*TiTerm3*acos(c(kk))*TiTerm6 - (1/8)*TiTerm2*(5*c2(kk)+4); 
    T4(kk) = -TiTerm4 + c(kk)*TiTerm3; 
    T5(kk) = -TiTerm2-TiTerm4*TiTerm4 + 2*c(kk)*TiTerm3*TiTerm4; 
    T6(kk) = T2(kk); 
    T7(kk) = -TiTerm5*TiTerm4 + (1/8)*c(kk)*TiTerm3*TiTerm6; 
    T8(kk) = -(1/3)*TiTerm3*(2*c2(kk)+1) + c(kk)*TiTerm4; 
    T10(kk) = TiTerm3 + TiTerm4; 
    T11(kk) = TiTerm4*(1-2*c(kk)) + TiTerm3*(2-c(kk)); 
    T12(kk) = TiTerm3*(2+c(kk)) - acos(c(kk))*(2*c(kk)+1); 
end 
  
%% Define F and G 
for i=1:N 
    J0(i) = besselj(0,k(i)); 
    J1(i) = besselj(1,k(i)); 
    Y0(i) = bessely(0,k(i)); 
    Y1(i) = bessely(1,k(i)); 
  
    TheoTerm1(i) = J1(i) + Y0(i); 
    TheoTerm2(i) = Y1(i) - J0(i); 
     
    Fnumer(i) = J1(i)*TheoTerm1(i) + Y1(i)*TheoTerm2(i); 
    Gnumer(i) = Y1(i)*Y0(i) + J1(i)*J0(i); 
     
    denom(i) = TheoTerm1(i)^2 + TheoTerm2(i)^2; 
     
    F(i) = Fnumer(i)/denom(i); 




%% Define R' Terms 
for kk=1:2             % loop on quantity c  [0, 0.5] 




Raap(j,kk) = -ra2/kappa - (1/8 + a(j)*a(j)); 
Rabp(j,kk) = -rb2/kappa - (c(kk)-a(j))*xb/kappa + T7(kk)/pi + (c(kk)-
a(j))*T1(kk)/pi; 
Rahp(j,kk) = -xa/kappa + a(j); 
  
Rbap(j,kk) = Rabp(j,kk); 
Rbbp(j,kk) = -rb2/kappa + T3(kk)/(pi*pi); 
Rbhp(j,kk) = -xb/kappa + T1(kk)/pi; 
  
Rcap(j,kk) = Rahp(j,kk); 
Rcbp(j,kk) = Rbhp(j,kk); 
Rchp(j,kk) = -1/kappa - 1; 
  
    end 
end 
  
%% Define R" and I Terms 
%  Equations (1)->(9) and (11)->(19) on p. 14 
  
for kk=1:2             % loop on quantity c  [0, 0.5] 
    p = -(1/3)*(1-c(kk)*c(kk))^(3/2); 
    for j=1:3           % loop on quantity a  [0 -0.2 -0.4] 
        for i=1:N          % loop on reduced frequency 
             
            RITerm1 = (a(j)+0.5); 
            RITerm2 = (0.5-a(j))*G(i) - kinv(i)*F(i); 
            RITerm3 = T11(kk)*G(i)-2*kinv(i)*T10(kk)*F(i); 
             
            Raapp(i,j,kk) = kinv(i)*2*RITerm1*RITerm2; 
            Rabpp(i,j,kk) = 
kinv(i)*(1/pi)*((T4(kk)+T10(kk))*kinv(i)+RITerm1*RITerm3); 
            Rahpp(i,j,kk) = kinv(i)*2*RITerm1*G(i); 
             
            Rbapp(i,j,kk) = -kinv(i)*(T12(kk)/pi)*RITerm2; 
            Rbbpp(i,j,kk) = -kinv(i)*(1/pi)*(1/pi)*((T12(kk)/2)*RITerm3-
kinv(i)*(T5(kk)-T4(kk)*T10(kk))); 
            Rbhpp(i,j,kk) = -kinv(i)*(T12(kk)/pi)*G(i); 
            
            Rcapp(i,j,kk) = -kinv(i)*2*RITerm2; 
            Rcbpp(i,j,kk) = -kinv(i)*(1/pi)*RITerm3; 
            Rchpp(i,j,kk) = -kinv(i)*2*G(i); 
             
            RITerm4 = (0.5-a(j))*F(i) + kinv(i)*G(i); 
            RITerm5 = T11(kk)*F(i)+2*kinv(i)*T10(kk)*G(i); 
             
            Iaa(i,j,kk) = -2*RITerm1*RITerm4 + (0.5-a(j)); 
            Iab(i,j,kk) = -(1/pi)*(RITerm1*RITerm5 + 2*p + (0.5-
a(j))*T4(kk)); 
            Iah(i,j,kk) = -2*RITerm1*F(i); 
  
            Iba(i,j,kk) = (T12(kk)/pi)*RITerm4 +(1/pi)*(p-T1(kk)-0.5*T4(kk)); 
            Ibb(i,j,kk) = (0.5/(pi*pi))*(T12(kk)*RITerm5-T4(kk)*T11(kk)); 




            Ica(i,j,kk) = 2*RITerm4 + 1; 
            Icb(i,j,kk) = (1/pi)*(RITerm5-T4(kk)); 
            Ich(i,j,kk) = 2*F(i); 
             
        end 
    end 
end             
  
%% Create R's and I's for j=3 (a=-0.4) and kk=2 (c=0.5) 
  
j = 3; 
kk = 2; 
  
for i=1:N 
     
    R1(i) = Raap(j,kk) + Raapp(i,j,kk); 
    R2(i) = Rabp(j,kk) + Rabpp(i,j,kk); 
    R3(i) = Rahp(j,kk) + Rahpp(i,j,kk); 
     
    R4(i) = Rbap(j,kk) + Rbapp(i,j,kk); 
    R5(i) = Rbbp(j,kk) + Rbbpp(i,j,kk); 
    R6(i) = Rbhp(j,kk) + Rbhpp(i,j,kk); 
     
    R7(i) = Rcap(j,kk) + Rcapp(i,j,kk); 
    R8(i) = Rcbp(j,kk) + Rcbpp(i,j,kk); 
    R9(i) = Rchp(j,kk) + Rchpp(i,j,kk); 
     
    I11(i) = Iaa(i,j,kk); 
    I12(i) = Iab(i,j,kk); 
    I13(i) = Iah(i,j,kk); 
  
    I14(i) = Iba(i,j,kk); 
    I15(i) = Ibb(i,j,kk); 
    I16(i) = Ibh(i,j,kk); 
  
    I17(i) = Ica(i,j,kk); 
    I18(i) = Icb(i,j,kk); 




%% Solve Case 3 Example Using Equations from Appendix I (Figs 5 & 6) 
  
if group == 1 
     
% Compute quadratic coefficients 
for i=1:N 
     
MRch(i) = R1(i)*R5(i) - R2(i)*R4(i) - kinv(i)*kinv(i)*(I11(i)*I15(i)-
I12(i)*I14(i)); 




A(i) = MRch(i)*I15(i)*I15(i) - MIch(i)*R5(i)*I15(i); 
B(i) = -MIch(i)*(R2(i)*I14(i)+ I12(i)*R4(i)) + 2*MRch(i)*I11(i)*I15(i); 




% Solve quadratic equation 
for i=2:N 
  
    Quad = [A(i) B(i) C(i)]; 
    r = roots(Quad); 
    OmegaAlpha1(i) = r(1); 
    OmegaAlpha2(i) = r(2); 
    X1(i) = -MIch(i)/(OmegaAlpha1(i)*I15(i)+I11(i)); 
    X2(i) = -MIch(i)/(OmegaAlpha2(i)*I15(i)+I11(i)); 
     
    F1(i) = kinv(i)*kinv(i)/X1(i); % This is actually the square of F 





plot(kinv, OmegaAlpha1, 'r.', kinv, OmegaAlpha2, 'b.'); 
grid 
axis([0 1 0 160]) 
xlabel('1/k','FontWeight','bold'); 
ylabel('Omega-Alpha','FontWeight','bold'); 
title('Fig 5, Case 3, Standard Case','FontWeight','bold'); 
  
figure(6) 
plot(OmegaAlpha1, F1, 'r.', OmegaAlpha2, F2, 'b.'); 
grid 
axis([0 180 0 22]) 
xlabel('Omega-Alpha','FontWeight','bold'); 
ylabel('F','FontWeight','bold'); 




%% Solve Case 2 Example Using Equations from Appendix I (Figs 7 & 8) 
  
if group == 1 
  
% Compute quadratic coefficients 
for i=1:N 
     
MRaa(i) = R5(i)*R9(i) - R6(i)*R8(i) - kinv(i)*kinv(i)*(I15(i)*I19(i)-
I16(i)*I18(i)); 
MIaa(i) = R5(i)*I19(i) - R6(i)*I18(i) + I15(i)*R9(i) - I16(i)*R8(i); 
  
A(i) = MRaa(i)*I19(i)*I19(i) - MIaa(i)*R9(i)*I19(i); 
B(i) = -MIaa(i)*(R6(i)*I18(i)+ I16(i)*R8(i)) + 2*MRaa(i)*I15(i)*I19(i); 






% Solve quadratic equation 
for i=2:N 
  
    Quad = [A(i) B(i) C(i)]; 
    r = roots(Quad); 
    OmegaBeta1(i) = r(1); 
    OmegaBeta2(i) = r(2); 
    X1(i) = -MIaa(i)/(OmegaBeta1(i)*I19(i)+I15(i)); 
    X2(i) = -MIaa(i)/(OmegaBeta2(i)*I19(i)+I15(i)); 
     
    F1(i) = kinv(i)*kinv(i)/X1(i); % This is actually the square of F 





plot(kinv, OmegaBeta1, 'r.', kinv, OmegaBeta2, 'b.'); 
grid 
axis([0 4 -0.008 0.014]) 
xlabel('1/k','FontWeight','bold'); 
ylabel('Omega-Beta','FontWeight','bold'); 
title('Fig 7, Case 2, Standard Case','FontWeight','bold'); 
annotation('textbox','String',{['xb = ', num2str(xb)]},'FontWeight','bold', 
'FontSize',10,... 
        'BackgroundColor',[1 1 1]); 
  
figure(8) 
plot(OmegaBeta1, F1, 'r.', OmegaBeta2, F2, 'b.'); 
grid 
axis([0 0.014 0 1.5]) 
xlabel('Omega-Beta','FontWeight','bold'); 
ylabel('F','FontWeight','bold'); 
title('Fig 8, Case 2, Standard Case','FontWeight','bold'); 
annotation('textbox','String',{['xb = ', num2str(xb)]},'FontWeight','bold', 
'FontSize',10,... 




%% Solve Case 1 Example Using Equations from Appendix I (Figs 9 & 10) 
  
if group == 1 
  
% Compute quadratic coefficients 
for i=1:N 
     
MRbb(i) = R9(i)*R1(i) - R7(i)*R3(i) - kinv(i)*kinv(i)*(I19(i)*I11(i)-
I17(i)*I13(i)); 
MIbb(i) = R9(i)*I11(i) - R7(i)*I13(i) + I19(i)*R1(i) - I17(i)*R3(i); 
  
A(i) = MRbb(i)*I11(i)*I11(i) - MIbb(i)*R1(i)*I11(i); 
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B(i) = -MIbb(i)*(R7(i)*I13(i)+ I17(i)*R3(i)) + 2*MRbb(i)*I19(i)*I11(i); 




% Solve quadratic equation 
for i=2:N 
  
    Quad = [A(i) B(i) C(i)]; 
    r = roots(Quad); 
    OmegaH1(i) = r(1); 
    OmegaH2(i) = r(2); 
    X1(i) = -MIbb(i)/(OmegaH1(i)*I11(i)+I19(i)); 
    X2(i) = -MIbb(i)/(OmegaH2(i)*I11(i)+I19(i)); 
     
    F1(i) = kinv(i)*kinv(i)/X1(i); % This is actually the square of F 





plot(kinv, OmegaH1, 'r.', kinv, OmegaH2, 'b.'); 
grid 
axis([0 10 -30 120]) 
xlabel('1/k','FontWeight','bold'); 
ylabel('Omega-H','FontWeight','bold'); 
title('Fig 9, Case 1, Standard Case','FontWeight','bold'); 
  
figure(10) 
plot(OmegaH1, F1, 'r.', OmegaH2, F2, 'b.'); 
grid 
axis([0 22 0 1.5]) 
xlabel('Omega-H','FontWeight','bold'); 
ylabel('F','FontWeight','bold'); 




%% Solve Case 1 Example Using Equations from Appendix I (Fig 11) 
  
if group == 2 
     
% Compute quadratic coefficients 
for i=1:N 
     
MRbb(i) = R9(i)*R1(i) - R7(i)*R3(i) - kinv(i)*kinv(i)*(I19(i)*I11(i)-
I17(i)*I13(i)); 
MIbb(i) = R9(i)*I11(i) - R7(i)*I13(i) + I19(i)*R1(i) - I17(i)*R3(i); 
  
A(i) = MRbb(i)*I11(i)*I11(i) - MIbb(i)*R1(i)*I11(i); 
B(i) = -MIbb(i)*(R7(i)*I13(i)+ I17(i)*R3(i)) + 2*MRbb(i)*I19(i)*I11(i); 






% Solve quadratic equation 
for i=2:N 
  
    Quad = [A(i) B(i) C(i)]; 
    r = roots(Quad); 
    OmegaH1(i) = r(1);   
    OmegaH2(i) = r(2);   
    X1(i) = -MIbb(i)/(OmegaH1(i)*I11(i)+I19(i));   
    X2(i) = -MIbb(i)/(OmegaH2(i)*I11(i)+I19(i));   
     
    F1(i) = kinv(i)/sqrt(X1(i)); % F as defined on pp. 14-15 
    F2(i) = kinv(i)/sqrt(X2(i)); % F as defined on pp. 14-15 
     
    om1om21(i) = ra*sqrt(OmegaH1(i));   





plot(om1om21, F1, 'r.', om1om22, F2, 'b.'); 
grid 
axis([0 1.6666666667 0 1.75]) 
xlabel('omega-1 / omega-2','FontWeight','bold'); 
ylabel('F','FontWeight','bold'); 





%% Solve Case 1 Example Using Equations from Appendix I (Fig 15) 
  
if group == 3 
     
% Compute quadratic coefficients 
for i=1:N 
     
MRbb(i) = R9(i)*R1(i) - R7(i)*R3(i) - kinv(i)*kinv(i)*(I19(i)*I11(i)-
I17(i)*I13(i)); 
MIbb(i) = R9(i)*I11(i) - R7(i)*I13(i) + I19(i)*R1(i) - I17(i)*R3(i); 
  
A(i) = MRbb(i)*I11(i)*I11(i) - MIbb(i)*R1(i)*I11(i); 
B(i) = -MIbb(i)*(R7(i)*I13(i)+ I17(i)*R3(i)) + 2*MRbb(i)*I19(i)*I11(i); 




% Solve quadratic equation 
for i=2:N 
  
    Quad = [A(i) B(i) C(i)]; 
    r = roots(Quad); 
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    OmegaH1(i) = r(1); 
    OmegaH2(i) = r(2); 
    X1(i) = -MIbb(i)/(OmegaH1(i)*I11(i)+I19(i)); 
    X2(i) = -MIbb(i)/(OmegaH2(i)*I11(i)+I19(i)); 
     
    F1(i) = kinv(i)/sqrt(X1(i)); % F as defined on pp. 14-15 
    F2(i) = kinv(i)/sqrt(X2(i)); % F as defined on pp. 14-15 
     
    fac1 = b*omegaa*ra/sqrt(kappa); 
    fac2 = 12/39.37;  % convert from fps to mps 
     
    vel1(i) = F1(i)*fac1*fac2; 
    vel2(i) = F2(i)*fac1*fac2; 
     
    om1om21(i) = ra*sqrt(OmegaH1(i)); 





plot(om1om21, vel1, 'r.', om1om22, vel2, 'b.'); 
grid 
axis([0 1.5 0 50]) 
xlabel('omega-h / omega-alpha','FontWeight','bold'); 
ylabel('Velocity, meters per sec','FontWeight','bold'); 
title('Fig 15, Case 1, Wing A','FontWeight','bold'); 
annotation('textbox','String',{['xa = ', num2str(xa)]},'FontWeight','bold', 
'FontSize',10,... 




%% Solve Case 2 Example Using Equations from Appendix I (Fig 16) 
  
if group == 4 
     
% Compute quadratic coefficients 
for i=1:N 
     
MRaa(i) = R5(i)*R9(i) - R6(i)*R8(i) - kinv(i)*kinv(i)*(I15(i)*I19(i)-
I16(i)*I18(i)); 
MIaa(i) = R5(i)*I19(i) - R6(i)*I18(i) + I15(i)*R9(i) - I16(i)*R8(i); 
  
A(i) = MRaa(i)*I19(i)*I19(i) - MIaa(i)*R9(i)*I19(i); 
B(i) = -MIaa(i)*(R6(i)*I18(i)+ I16(i)*R8(i)) + 2*MRaa(i)*I15(i)*I19(i); 




% Solve quadratic equation 
for i=2:N 
  
    Quad = [A(i) B(i) C(i)]; 
 
  63
    r = roots(Quad); 
    OmegaBeta1(i) = r(1); 
    OmegaBeta2(i) = r(2); 
    X1(i) = -MIaa(i)/(OmegaBeta1(i)*I19(i)+I15(i)); 
    X2(i) = -MIaa(i)/(OmegaBeta2(i)*I19(i)+I15(i)); 
     
    F1(i) = kinv(i)/sqrt(X1(i)); % F as defined on pp. 14-15 
    F2(i) = kinv(i)/sqrt(X2(i)); % F as defined on pp. 14-15 
  
    fac1 = b*omegah/sqrt(kappa); 
    fac2 = 12/39.37;  % convert from fps to mps 
     
    vel1(i) = F1(i)*fac1*fac2; 
    vel2(i) = F2(i)*fac1*fac2; 
     
    om1om21(i) = sqrt(OmegaBeta1(i))/rb; 





plot(om1om21, vel1, 'r.', om1om22, vel2, 'b.'); 
grid 
axis([0 1.8 0 50]) 
xlabel('omega-beta / omega-h','FontWeight','bold'); 
ylabel('Velocity, meters per sec','FontWeight','bold'); 
title('Fig 16, Case 2, Wing B','FontWeight','bold'); 
annotation('textbox','String',{['xb = ', num2str(xb)]},'FontWeight','bold', 
'FontSize',10,... 




%% Solve Case 3 Example Using Equations from Appendix I (Fig 17) 
  
if group == 4 
     
% Compute quadratic coefficients 
  
for i=1:N 
     
MRch(i) = R1(i)*R5(i) - R2(i)*R4(i) - kinv(i)*kinv(i)*(I11(i)*I15(i)-
I12(i)*I14(i)); 
MIch(i) = R1(i)*I15(i) - R2(i)*I14(i) + I11(i)*R5(i) - I12(i)*R4(i); 
  
A(i) = MRch(i)*I15(i)*I15(i) - MIch(i)*R5(i)*I15(i); 
B(i) = -MIch(i)*(R2(i)*I14(i)+ I12(i)*R4(i)) + 2*MRch(i)*I11(i)*I15(i); 









    Quad = [A(i) B(i) C(i)]; 
    r = roots(Quad); 
    OmegaAlpha1(i) = r(1); 
    OmegaAlpha2(i) = r(2); 
    X1(i) = -MIch(i)/(OmegaAlpha1(i)*I15(i)+I11(i)); 
    X2(i) = -MIch(i)/(OmegaAlpha2(i)*I15(i)+I11(i)); 
     
    F1(i) = kinv(i)/sqrt(X1(i)); % F as defined on pp. 14-15 
    F2(i) = kinv(i)/sqrt(X2(i)); % F as defined on pp. 14-15 
  
    fac1 = b*omegab*rb/sqrt(kappa); 
    fac2 = 12/39.37;  % convert from fps to mps 
     
    vel1(i) = F1(i)*fac1*fac2; 
    vel2(i) = F2(i)*fac1*fac2; 
     
    om1om21(i) = sqrt(OmegaAlpha1(i))*(rb/ra); 





plot(om1om21, vel1, 'r.', om1om22, vel2, 'b.'); 
grid 
axis([0 2.8 0 40]) 
xlabel('omega-alpha / omega-beta','FontWeight','bold'); 
ylabel('Velocity, meters per sec','FontWeight','bold'); 






















Ω௛Ωఈܺଶ ൅ ሺΩ௛ܣ௔ఈ ൅ Ωఈܣ௖௛ሻܺ ൅	ܯ௕ఉ ൌ 0 
with companion equations 





Ω௛ ൌ 	 ቀ ఠ೓ఠೝ௥ೝቁ
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Ω௛Ωఈܺଶ ൅ ሺΩ௛ܴ௔ఈ ൅ Ωఈܴ௖௛ሻܺ ൅	ܯ௕ఉோ ൌ 0 




employed.  Equations (C5) and (C6) are each solved for their roots, identified herein as ܺோభ, ܺோమ  and  ூܺ, 
for a large number of reduced frequencies.  But, because from equation (C2), it is seen that X is 









































Ω௛Ωఈܺଶ ൅ ሺΩ௛ܴ௔ఈ ൅ Ωఈܴ௖௛ሻܺ ൅	ܯ௕ఉோ ൌ ܼଵ 




















defined as ݇௭భభ , ݇௭భమ 	and ݇௭మ , respectively.  


















































































ΩఈΩఉΩ௛ܺଷ ൅ ൫ΩఈΩఉܣ௖௛ ൅	ΩఉΩ௛ܣ௔ఈ ൅	Ω௛Ωఈܣ௕ఉ൯ܺଶ 
൅൫Ωఈܯ௔ఈ ൅	Ωఉܯ௕ఉ ൅	Ω௛ܯ௖௛൯ܺ ൅ ܦ ൌ 0 
with companion equations 





















ΩఈΩఉΩ௛ܺଷ ൅ ൫ΩఈΩఉܴ௖௛ ൅	ΩఉΩ௛ܴ௔ఈ ൅	Ω௛Ωఈܴ௕ఉ൯ܺଶ 
൅൫Ωఈܯ௔ఈோ ൅	Ωఉܯ௕ఉோ ൅	Ω௛ܯ௖௛ோ ൯ܺ ൅ ܦோ ൌ 0 
൫ΩఈΩఉܫ௖௛ ൅	ΩఉΩ௛ܫ௔ఈ ൅	Ω௛Ωఈܫ௕ఉ൯ܺଶ 
൅൫Ωఈܯ௔ఈூ ൅	Ωఉܯ௕ఉூ ൅	Ω௛ܯ௖௛ூ ൯ܺ ൅ ܦூ ൌ 0 
Equations (D6) and (D7) are each solved for their roots, identified herein as ܺோభ, ܺோమ, ܺோయ, ூܺభ  and  ூܺమ , for 
a large number of reduced frequencies.  But, because from equation (D2), it is seen that X is 
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    h   h
   rps  rps rps  
Subcase 1  100  x 50 1 x 1 
Subcase 2  x  44.721 50 x 0.005 1 
























  vf kf vf kf
  fps fps
Subcase 1  173.26 0.4355 x x
Subcase 2  19.521 2.587 120.65 0.4727























































































































2  Expression ݒ஽ ൌ 	ݒோ ଵభ
మା௔
  is incorrect. 

























































































FIGURE 5. – Case 3, Torsion-aileron (, ):  Standard case.  Showing  against 1/k.
FIGURE 6. – Case 3, Torsion-aileron (, ):  Standard case.  Showing flutter factor
F against 
87
FIGURE 7. – Case 2, Aileron-deflection (h):  (a) Standard case.  (b), (c), (d) indicate
dependency on x.  Case (d), x = -0.004, reduces to a point.
FIGURE 8. – Case 2, Aileron-deflection (h):  Final curves giving flutter factor F
against  corresponding to cases shown in figure 7.
88
FIGURE 9. – Case 1, Flexure-torsion (h, ):  Standard case.  Showing h against 1/k.
FIGURE 10. – Case 1, Flexure-torsion (h, ):  Standard case.  Showing flutter factor
F against h.
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FIGURE 11. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on h/.  The
upper curve is experimental.  Airfoil with r = ½; a = -0.4; x = 0.2; 4 = 0.01; 1/ variable.
FIGURE 12. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on location
of axis of rotation a.  Airfoil with r = ½; x = 0.2;  = ¼; 1/ = ⅟₆; a variable.
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Figure 13A. – Curve A
FIGURE 13. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on the radius
of gyration r = r.  
A, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = ⅟₆; r variable.
B, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = 1.00; r variable.
91
Figure 13B. – Curve B
(a) Comparison of present calculation and Curve B of NACA 496
FIGURE 13. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on the radius
of gyration r = r.  
A, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = ⅟₆; r variable.
B, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = 1.00; r variable.
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Figure 13B. – Curve B
(b) Comparison of present calculation and square of Curve B of NACA 496
FIGURE 13. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on the radius
of gyration r = r.  
A, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = ⅟₆; r variable.
B, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = 1.00; r variable.
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Figure 13B. – Curve B
(c) Comparison of present calculation, independent calculation, and square of Curve B of NACA 496
FIGURE 13. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on the radius
of gyration r = r.  
A, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = ⅟₆; r variable.
B, airfoil with a = -0.4;  = ¼; x = 0.2; 1/ = 1.00; r variable.
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Figure 14A. – Curve A
(a) Comparison of present calculation and Curve A of NACA 496
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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(b) Comparison of present calculation and rotated Curve A of NACA 496
Figure 14A. – Curve A
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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(c) Comparison of present calculation, independent calculation, and rotated Curve A of NACA 496
Figure 14A. – Curve A
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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Figure 14B. – Curve B
(a) Comparison of present calculation and Curve B of NACA 496
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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Figure 14B. – Curve B
(b) Comparison of present calculation and rotated Curve B of NACA 496
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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(c) Comparison of present calculation, independent calculation, and rotated Curve B of NACA 496
Figure 14B. – Curve B
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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Figure 14C. – Curve C
(a) Comparison of present calculation and Curve C of NACA 496
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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Figure 14C. – Curve C
(b) Comparison of present calculation and rotated Curve C of NACA 496
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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(c) Comparison of present calculation, independent calculation, and rotated Curve C of NACA 496
Figure 14C. – Curve C
FIGURE 14. – Case 1, Flexure-torsion (h, ):  Showing dependency of F on x , the
location of the center of gravity.
A, airfoil with r = ½;  a = -0.4;  = 1/400; 1/ = ⅟₆; x variable.
B, airfoil with r = ½;  a = -0.4;  = ¼; 1/ = ⅟₆; x variable.
C, airfoil with r = ½;  a = -0.4;  = 1/100; 1/ = 1; x variable.
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FIGURE 15. – Case 1.  Wing A.  Theoretical and experimental curves giving flutter
velocity v against frequency ratio h/.  Deflection-torsion.
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-- with assumed value of h = 5.8x2 --
-- with assumed value of  = 4.4x2 --
FIGURE 16. – Case 2.  Wing B.  Theoretical and experimental curves giving flutter
velocity v against frequency ratio /h.  Aileron-deflection (, h).
FIGURE 17. – Case 3.  Theoretical curve giving flutter velocity against the fre-
quency ratio /.  The experimental unstable are is indefinite due to the im-












Method; “standard case” quantities chosen, with  = 100,  = 125, h = 50.
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Figure D4 – Results from 2DOF Solution Method, Subcase 3;
 = 100,  = 75, r2 = 0.25, r2 = 1/160, x = 1/80,  = 71.111.
(a) Recreation of Figure 5 (b) Recreation of Figure 6
Figure D3 – Results from 2DOF Solution Method, Subcase 2;
 = 44.721, h = 50, r2 = 1/160, x = 1/80,  = 0.005.
(a) Recreation of Figure 7 (b) Recreation of Figure 8
Figure D2 – Results from 2DOF Solution Method, Subcase 1;




 = 100, h = 50,  variable, “standard case”.
(a) Flutter velocity vs  (b) Flutter reduced frequency vs 
Figure D6 – Results from 3DOF Solution Method, “Subcase 2”;
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